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Outline

* GSGin basic mode
— Modeling approach
— Introduction to the GSG features
— Experimental validation of the GSG

e GSG-PRO

— Additional modeling features
— Introduction to coupled eMC-GSG-PRO simulations
— Examples of experimental validation

* A simple application example

e Exercises
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* For spectrum modeling the GSG uses a comprehensive database of detector responses
for gamma-ray energies from 10 keV to 10 MeV, which were obtained using extensive
Monte Carlo simulations

Full Energy
Peak

Annihilation
Peak

A Continuum

* More details on the GSG simulation approach see in Nucleonica Wiki at
http://www.nucleonica.net/wiki/index.php/Help:Gamma_Spectrum_Generator
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Configuring a new spectrometer:
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Selecting calculation options:
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Exploring calculation results:
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_ . Complete set of
Statistical number of counts |+ [ Data displayed: | Statistical number of counts ¥ B Spectral information
Count rate at start
Count rate at end Gamma-Spectrum Simulated for Nal (76.2 x 76.2 mm) can pe saved as a
Theoretical number of counts text file or as IAEA-
Statistical number of counts o SRR R RN R SPE spectrum.
Rl v o[ NN T S S S S S S S S R graph area enables
T 900 - sk f hich
° < rom which one can
. AN BRI SRR _
Eemt print or download
- .
N SRR the spectrum graph
200+ g . .
: .t Additional options
P allow to customize

] 100 200 300 400 500 B00 700 a00 800 1000
Channel number

appearance of the
graph to meet one’s
needs and
requirements

Switch between

channel number and |—» pisplay: [Energy scale [ Spectrum continuum [ Contribution of scattered photons [IMore graph options |«
energy scale; show

. MNo. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display . .
Eea::’ Contlnuumkand 1 42 Mo 99 6 23E+01 6.22E+01 6.26E+04 0O <« DISlealy nuclide
ackscatter pea 2 43Tc 99 6.70E-15 6.79E-15 0.00E+00 O specific
contributions to the 3 43Tc 99m 2 69E+01 2 68E+01 2 70E+04 0 < contributions to the

full spectrum Total 8.92E+01 8.90E+01 8.97E+04 full spectrum




1% GSG in basic mode: Introduction to GSG features @%}

ITRAC 3: Training Course on lllicit Trafficking and Radiological Consequences with Nucleonica, 11 - 13 May 2011, Karlsruhe

Displaying peak and continuum contributions:
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GSG in basic mode: Introduction to GSG features

Displaying contributions of different nuclides:
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Saving calculation results in Text / Excel formats:

B3 Microsoft Excel - GC-6020_Cs137_1 J0mm_Spectrum.xls

3 Microsoft Excel - GC-6020_Cs137_170mm_Spectrum.xls
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= . : A 4 | 56 Ba137m 55 Cs 137 9.437E-01 9.395E-01 9 416E-01 7 AT7ED3 7. 144E-03 7.160E-03 0.000E-+00

5 | SPECTROMETER: g | TOTAL: 0.000E +00 0.000E +00 0.000E+00 T.177ED3 T.144E03 7.160E03 0.000E+00 .
igs;;iﬁa;;n name E;rg;’ne . . M 4 v M0\ Paameters ) Nuclides / X- and Garnena-rays { Efficiency / 56 Ba 137m |< » |
| 9 [Crystal length 52.00 mm | Ready
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| 12 |Contact diameter \10.00 mm | 3 Microsoft Excel - GC-6020_Cs137_170mm_Spect

| 13 |Inactive layer 0.90 ulul Germaniurn £ oA fack Ty i Cmeton Tel

14 |Crystal packaging 5.00 lulul Wacuum ,J B! RS m.:, " : e Gam m a an d X-I'ay . Data e %
B : : : PN Sl 3 e G- e o € { B EA 3 % r BB EE -0 A
| 15 |Detector input window 150 mm Aluminum a2 . %
| 16 |Number of additional filters 0.00 | | T I B c T i} T E 5 c H T i T 3 I E =
| 17 [Filter ho.1 | 0.0 = .\ xGry  EmisioniateUs  Photons  Peakregioncounts Detaction efficiency  Ancestors
| 18 [Filter Mo.2 | a Y e at start at end emitted peak area  peak bkgr total FEP MDA), By

19 | Filter Mo.3 of® Bs0 G 5B00E-06 = 5B00E-06  SG00ED6  2715E08 | 4094E05 | 7530E03 | ARGIED3  1441E408
o0 |Filter Mo.4 | o ] Bl Ede wew Insert Ejff Toals Data - 8 x|l ® 98FED3 | 979303 9815503  0DO00E+I0 | 2757EQ5 | OODOOEH00 | 0000E+00 AN
20 [Filter Mo.4 | = Y Icien C%/ = ¥ 1951E-02 194302 1 S47E02 | 5198E07 | 33E3E05 | 2775E05 | 2676E05 | 063E4S
21 |Filter Mo 5 o J__* Pt R = A - T % IBO0E02  3ERENY  IEWEM | LIFEGE | 3WNEDS | 32EEDS | 37IEDS 1 S97E«09
| 22 |Filter Mo.6 0 Al - £ E, kev 40 % 131002 1304602 1307E02  2193E05 | 32IE0S | 17FED4  1BBIED4 5 IET

23 IFWHM at 122 ke ] A | =] | c | o] | E | F | »apes G 8.500E-01 B 462E-0 8481E-01 1.W0E03 2 144E08 B.715E03 2311E03 1.964E-+03
|24 |FWHM at 1332.5 ket I3 EkeV 1| FEPEf. XEP Eff. SEP Eff. DEP Efi. Total Eff. v
95 [Nurnber of channels g 2 [ 1000E+D1 | B.505E-15 | O.O00E400 | O.000E+00 | D.000E+00 | 9.505E-15 d Gamma-rays { Efficency { 56 Ba 137m / 55 Cs 137 { Ful spectum | |< |
[ 26 | Channek-to-Enargy conversion 4] 3 | 1.036E+01 | 1.158E-13 | 0.000E+00 | 0.000E+00 | O.000E+00 | 1.218E-13
o e e {4 85| B913E+03 | 1576E04 | OODOOE+00 | 25I0E04 | 1301604 | 4.545E03
o et Tl EE| 1000E+04 | 1305E-04 | ODODE4O0 | 2304E-D4 | 1A7BE04 | 4 57BE03 — -
|2 fep B 37_170mm_Spectrum. xls

= . PRI e e T B.04E04 s -
=== solute efiiciency ror e eV photons a cm: % e 1 & a quest For halp -
| 30| SOURCE: | 69 |Relative efficiency for 1332.5 keV photons at 25 cm: | BB.70 % <3 gt Gam m a S ectru m = 2 it
|31 |Nuclide _Sﬁ i “la .| @ a, Spe; i) s % 0 8 SL R R B A
| 32 | Quantity U4y nf e and Gammasrays ' Efficiency { 56 Ba 137m | € I I ¥ AT T e :
| 33 |Reference point of time MY Ready e nurrEJ | E T F T G H ] T ] | K =
% Sourcereoalingintensl 2 iy | 1] Brisrav: ket Count rate at start, cps Count rate at end, cps Theoretical number of counts =
5 | CALCULATION: | 2 | W Continuum  Scattered Total Continuum | Scattered Total Continuum  Scattered Total
i : 5 = k]| 0.20 2637E-06 8.042E-07 2.650E-06 2.625E06 8.006E-07 2.638E-06 263E-06 8.024E-07 2 B44E-06
[ Consider decay transformations _ e 4|  o0e0 3185606 9725E07 | 3218E06 | 3ATIEOR | 9GAIED7 | 320ME0R | 378E06 | 9705807 | 3211506
2 Include gammeas of daughtar uclides Yes (5| 1m0 3335E06 | 1.019E06 | 337BE-06 | 3I20E0E | 1015606 | 3.360E05 | 33E06 | 1.017E06 | 3.36BE0B
| 38 |Decay engine's accuracy factor [0.01 |4 6| 140 33BIE0R  10%E06 | 3394E06 | 33E6EO0E | 1 030E0F  3379E06 3373606 1032606 | 3387E6
| 40 |Consider backscatter radiation fes FiRr 3400E06  1.042E06 | 3401E06 | 3385606 | 1.037ED6 | 3395E06  339E06  1.039ED6 | 3.393EL6
| 41 |Backscatter peak normalization factor 2 8| 220 3411E-06 1.046E-06 J4NEDE 3.396E-06 1.042E-06 3.396E-06 3. 404E-06 1.044E-08 JA04E-06
42| v 91 260 FAIFNR I0ANFDR | APESR | AANEFOR | 1 N4RFNR |, A4DAFIR  A413F-0R 1 NWAFOR | S413FR ¥
W 4 v W\Parameters { Nuclides ¥ and Gamma-rays £ £ [< | s “ v/ Effidney ), 56 Ba 137m (55 G2 157 /Pl specirum / l¢ 3
Ready Ready
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Plotting detection efficiencies:

Detection efficiencyfor Nal (76.2 x76.2 mm)

[— Tatal —— FEF —— SEP

DEF HEP |

Absolute efficiency

Right click within the
graph area enables
a context menu,
from which one can
print or download
the efficiency graph

Gamma-ray energy, keV

Select efficiency
data to be displayed
on the graph

— Efficiencies displayed: [v]Full Energy Peak (FEP) [ Single Escape Peak (SEP) [ Total
[4] X-ray Escape Peak (XEP)  [¥]Double Escape Peak (DEP) [¥] More graph options <€——

Scale
Auto

Minimum

Maximum

Grid lines

Major

Log

[#] Minar

X-axis settings:

Y-axis settings:

Additional options
allow to tailor the
efficiency graph to
one’s needs and
requirements

Tick steps Scale Tick steps

[v] Auto [¥] Auto Log [“] Auto

Major step Minimum Major step

Substeps No Maximum Substeps Mo

Ticks Grid lines Ticks

Min  [out [#Labels [ major  [“Iminor Min  [out [FLabels
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Detector: coaxial HPGe (Canberra)

* Relative efficiency: 61.8%

 Crystal dimensions: 74 mm x 53 mm
e Rear contact: @10 mm x 36 mm

* Inactive Ge: 0.7 mm

* Crystal end cap: 1.5 mm Al

* End cap to crystal gap: 5 mm

* FWHM: 1.75 keV at 1.33 MeV

Sources: Thin Spectroscopic Reference
Gamma-Sources (SOSGI)

e 137Cg. 60C. 152EYy

Measurement conditions: Center of
experimental room
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Calculated (curve) and experimental (circles) detector
responses for %2Eu source at 17 cm distance from the
detector end cap.
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ORIGINAL ISSUED" AUGUST 1964 Detector:
REV. ELECTRONIC UPDATE - FEBRUARY 1997 .. )
3" x 3" Nal scintillation
detector

SCINTILLATION
SPECTROMETRY

GAMMA-RAY SPECTRUM CATALOGUE

NEW VERSION OF 2ND EDITION
COMPILATION OF GAMMA-RAY SPECTRA
AND RELATED NUDCLEAR DECAY DATA
VOLUME 1 OF 2

BY Top Pb Groded

R. L. HEATH

Cu Q015"
¢4 0.030"
Pb 4" T PPGo-a-aTT?

y -RAY SPECTROMETRY CENTER -, -
Idaho National Engineering & !.:'rwr'fanmemaf Laborafory . 854 ___7____,__4—--"’




ITRAC 3: Training Course on lllicit Trafficking and Radiological Consequences with Nucleonica, 11 - 13 May 2011, Karlsruhe

Results of the experimental validation with 3” x 3" Nal scintillation detector

0,030 q
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o i
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0] 500 1000 1500 2000 2500 3000

Gamma-ray Energy, keV

The simulated vs. experimental FEP efficiencies for a

Nal 3" x 3" detector.
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L e e L A e SR e
0 200 400 600 800

Gamma-Ray Energy, keV

The experimental and simulated spectra for 13’Cs and a
Nal 3" x 3" detector .
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O Experiment (Heath, 1964) 133
10.5y TBa, 3" x 3" Nal
Full spectrum

- - - Primary continuum Absorber: 1.18 g/cm’ Be
—-—--Secondary continuum Source distance: 10 cm

5.27 y *Co, 3" x 3" Nal

Absorber: 1.18 g/cm2 Be
Source distance: 10 cm
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43 = = = Primary continuum g

2 —-—--Secondary continuum 3 sum peak:
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The experimental and simulated spectra for 6°Co and a The experimental and simulated spectra for 133Ba and

Nal 3" x 3'" detector. a Nal 3" x 3" detector.
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Results of the experimental validation with 3” x 3" Nal scintillation detector

18000
i 2.25 min *Al, 3" x 3" Nal
] Absorber: 1.18 g;‘cm2 Be
15000 Source distance: 10 cm
] O Experiment (Heath, 1964) '
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The experimental and simulated spectra for 28Al and a
Nal 3" x 3" detector .
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The experimental and simulated spectra for a 12 year

old 232Th source and a Nal 3" x 3" detector.
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Results of the experimental validation with 3” x 3" Nal scintillation detector

10°3 o Experiment (Heath, 1964 10 16 an
Fuﬁspectmr(n ; 14.96 h “Na, 3" x 3" Nal y 7.13s "N, 3" x 3" Nal
il Absorber: 20 Al
- - - Primary continuum Absorber: 1.18 g:’cm2 Be 1 4 Soj?cr:eedristanr;:% cm
i Secondary continuum : Source distance: 10 cm 8 _- o :
----- Bremsstrahlung 4313
4140
19 ;) o Experiment (Shi et al., 2002)
. 90 Full spectrum
8 "] #o - - -Primary continuum
i) ] % o —-=--Secondary continuum
E 184 Bremsstrahlung
= b
3 47 4
10° ~. ' s
& Py \
] g \ ]
- N L “ 2 -
7 3 o - -\.\ \ s T
.- = 1 .
T h \ \ 3 -
2 \ \\ - ] Sy
10 LI B L LN TR NI B T A T L I L R L A 0+
0 500 1000 1500 2000 2500 3000 0 1 2 3 4 b 6 7 8
Gamma-Ray Energy, keV Gamma-Ray Energy, MeV

The experimental and simulated spectra for Naanda  The experimental and simulated spectra for 1N and a Nall
Nal 3" x 3" detector. 3" x 3" detector.
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1. Modeling of a contribution from naturally occurring radionuclides
(natural gamma radiation background)

Additional interface features:

Additional measurement setup properties: Measurement setup | Calculation results Optioris

: Ahsorbing filter layers: :
Gamma Spectrumn Generator Settings:

Input window: [] Display detector efficiency curves
: [ Consider decay transformations during cooling and counting time intervals
Crystal packaging:
[] Consider effects of backscatter radiation
SR D Ae R [ Consider bremsstrahlung photon creation
. | Simulate natural gamma-ray background
ADC and energy resolution parameters: g Y g
MNumber of spectrum channels Energy resolution (FYWHM) at 122 keV, keV
Channel-to-energy conversion factor, keV/channel Energy resolution (FWHM) at 1332 keV, keV

ay peak and continuum intensities, cps:

A respective option has to be
selected on ,,Options*” tab to enable
the background simulation

Count rate in 185.7 keV peak of U-235 Count rate in 661.6 keV peak of Cs-137
Count rate in 238.6 keV peak of Pb-212 (Th-232) Count rate in 1332.5 keV peak of Co-60

Count rate in annihilation 511.0 keV peak Count rate in 1460.8 ke peak of K-40
Count rate in 609.3 keV peak of Bi-214 (U-238) Continuum count rate (0 - 3 MeV)
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Example: low-activity / low-background measurements

Inclusion of the background gammas results in a more realistic spectrum shape and
MDA values, especially in low-activity measurements

Gamma-Spectrum Simulated forHP Ge (rel. eff. 142.6%)
[ 56 Ba 137m mmmm Al cther nuclides |

Number of counts
[§5]

o s00 1000 1500 2000
Gamma-ray enerqgy, ke\/

e A spectrum simulated for a 10 Bg 13’Cs source at the 10 mm distance from a
150% HPGe detector with natural background contribution included
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2. Bremsstrahlung modeling option is available for beta-emitting nuclides:

Meazurement setup Calculation results Optiong

Gamma-Spectrum Simulated for HP Ge (rel. eff. 52.0%)
[ Scattering contribution s Continuum mmmm Peaks |

Gamma Spectrum Generator Settings:
[] Display detector efficiency curves

[] Consider decay transformations during cooling and counting time intervals
[] Consider effects of backscatter radiation

Consider bremsstrahlung photon creation

Bremsstrahlung spectrum normalisation factor

T Simulate natural gamma-ray background

Number of counts
=

A respective option must be

selected on ,Options* tab to B
enable the bremsstrahlung 1
Sl mu |atI0n . ] 500 1000 1500 2000

Gamma-ray enerqy, kel/

e A gamma-spectrum simulated for the 10 MBg 2°Sr-20Y
source and a 50% HPGe coaxial detector
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3. Physical photon spectrum visualization

M eazurement setup Calculation rezults Options
Data displayed: | Physical spectrum at start v View/Save results in Text or Excel format
Physical Gamma-Ray Spectrum
. (W 55Cs1a7(D)  WEE S6ba137m (D) W Gkgr (D) — Bk (C) ; 4.46% Uranium source and
b i s gL natural background photons

Measurement setup Calculation results Options

o
|

Data displayed: | Physical spectrum at start - View/Save results in Text or Excel format

Physical Gamma-Ray Spectrum

92 U 238 (D) B 00 Th234 (D)  EEEE 01 Pazidm (D) BN 01 Pa 234 (D) 92 1 235 (D)
a0 Th 231 (D3 921 234 (0) mmm 01 Pa231 (D) 86 Rn218 (D) &2Ph 211 (D)

— 30211 (D) 2P0 212(D)  mEm B3EIi212 (D) 53 Ra 224 (D) &1 71208 (D)
1 71208 (C) Bkgr (D) —— Bhgr (C)

Discrete energy photons, 1/sec
=
1

D 1 L .. . | |Ll JI l. 1 | T ot - i i ' I. : I : i

T T T 1 T 1 T T T T T T T T T T T
0 500 1000 1500 2000
Photon energy, keV

137Cs source and natural
background photons

Discrete energy photons, 1/sec
2
[}
]
T
e —
f
o
L]
Continuum photons, 1/(sec keV)

u T u u u T
0 500 1000 1500 2000 2500 3000
Photon energy, keV
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4. Modeling spectra from voluminous and heavily shielded sources using a
coupled eMC (easy Monte Carlo) — GSG-PRO simulation approach:

Euisz Unshielded ¢°Co:
‘ easyMonteCarlo

Dosimetry & Shielding with Neutrons & Gammas

‘‘‘‘‘‘‘‘‘ 63 Euronium Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)
p . W Sceftering corfribution WSS Cortinuum B Pecks |
Actual chart: Karlsruhe L ac o .
Element Mass Midture selectar Shield Detector
b ®ie  § T — © e
Dy t
[y 80 ] [0 | © ssrers Otiserte .
H
S
-
o 1[|2
[ Resume ” Pass spectrum to GSG I 5
=
H
Geometry | Source Options Results =
1
10

Shield |¢—p Dimensian in cm

() Gamma emitter A z E
) Neutron emitter A

Source Diameter

/ ] Detector

0 200 400 600 800 1000 1200 1400
Gamma-ray energy, ke\/

60Co behind 12 cm Al shield:

Gamma-Spectrum Simulated for HPGe (rel. eff. 11.0%)
| Scattering cortribution s Cortinuum m— Peaks |

o 10°
2
=
H
3
-

g
B
2
E
H}
=

10’

Source to shield |40 10

1
Source to Detector | 100 0 200 400 600 800 1000 1200 1400

Gamma-ray energy, keV/
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Coupled eMC / GSG-PRO calculations for voluminous & shielded sources:

Multi-layered shield EMC

Volume structured
source

Photon flux
i @[cm2s)

Source :
strength i
Als"

R GSG

Volume-to-Point
source conversion
A
_—

Equivalent
point
source

UOISISAUOI 10]133l]ap
pPo21NnldNni}sS-0]-Julod

Source strength Attenuation correction Structured
I[s!]=4zR*® A detector
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CBNM-446 Uranium:

™~
|

Separation date: 1979 ¥ Ultrasonic
U,0g, 200 g, 3.3 g/cm? ‘ % | — ==
Capsule: & 8 x9 cm

Sample: &7 x1.58 cm
Al window: 0.2 cm

Aluminium

/ plug

Aluminium

/ can

N U305 powder

2207

AL,

232U — 4.1 ppt
234U — 0.0359 wt %
235U — 4.4623 wt %

236 — 0.0068 Wt % — =
238 — 95.495 Wt % I
Nuclide Activity Nuclide Activity
23y 14.1 MBq 21°Rn 128 Bq
28y 2.02 MBq 21pp 128 Bq
234m 211n:
Experimental room: L x W x H = 3.3 x 3.8 x 3.5 m3. e Pa 2.02 MBg mB' 128 Bq
Shields (20 x 20 cm?): Pb (2 cm) and Al (3 cm, 12 cm). 234Pa 3.03 kBq mPp 438 Bq
Detector: 10% Ortec Detective, HPGe @50 x 30 mm. 235Th 2.02 MBq o Bi 438 Bq
Shield to detector: 10 cm. o U 607 kBq zofa 438 Bq
Source to shield: 0 cm. 231Th 607 kBq Tl 157 Bqg
Unshielded source: at 10 cm distance. Pa 372 kBq Total 21.4 MBq
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Unshielded CBNM-446

Without bremsstrahlung

234m Pa

0?5 Ep= 2.2 MeV (98.4%)
Source: CBNM Uranium 4.46%
Shield: None
10" Source distance: 10 cm
EMC code used: MCNP4c
10
.{ . v
-"
10° 4 \
Ve = = Sl
e
10° g
\l
S~
10”7 © Experiment |
Full spectrum ‘—. /) O 5
- — — Compton continuum e
10 — - — Scattered continuum e 00, 0 d
. o g g ®
N o) o 08
5 \ o
10 I T T T T I T T T T I T T T T I T T T T I T T T T I T
0,0 0,5 1,0 1,5 2,0 25

Gamma-ray energy, MeV

Probability density, MeV"’

With bremsstrahlung

Source: CBNM Uranium 4.46%
Shield: None

Source distance: 10 cm

EMC code used: MCNP-CP

10°

10

10°

o Experiment
Full spectrum N\
— — Compton continuum \.
— - — Scattered continuum

0,0 0,5 1,0 1,5 2,0 25
Gamma-ray energy, MeV
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CBNM-446 shielded with 12 cm Al

Without bremsstrahlung With bremsstrahlung
234mPa
w EB = 2.2 MeV (98.4%) 10° Source: CBNM Uranium 4.46%

Source: CBNM Uranium 4.46%
Shield: 12 cm Al

Shield: 12 cm Al
Source to shield: 0 cm

10 Source to shield: 0 cm 107 = e
_ Detector to shield: 10 cm ~ 3 e Sh'el_d' ki
= EMC code used: MCNP4c = ] FHIC Gode Usedt NGNF-GF
= 10° = 10°
> 2z 1e
E7) 7 o |
c c 41 A
@ [
; 107 - ° 1074 =
e 3
3 3 ]
S e S s
o 10 o 1073
o o Experiment o o ] o Experiment
Full spectrum oy ; J ! Full spectrum
10° — — Compton continuum ) it — — Compton continuum
— - — Scattered continuum % fo ] — - — Scattered continuum
2 b 1 :
e] o i
e (& \
10-1D | L] T T T I T T T L | T T T T I T T T L | T T T T I I%I 1 10710 T T T T I T T T T | T T T T I T l l
0,0 0,5 1,0 1,5 2,0 2,5 0,0 0,5 1,0 1,5 2,0 2,5

Gamma-ray energy, MeV Gamma-ray energy, MeV
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TACIS: “Supply contract for the mobile laboratory and a transportable
analytical instruments and equipment to be used for performing specific
on-site actions needed in response to illicit trafficking incidents”

Technical specifications for
.Gamma radiation search and dose rate measurement instrument”

Detection sensitivity:

> 10000 cps/(uSv/h) for 241Am
> 1500 cps/(uSv/h) for 137Cs
> 1000 cps/(uSv/h) for 60Co
> 2500 cps/(uSv/h) for natural radiation background ™

Request from a tenderer:

“We would like to review the requirement for performance. We believe that there is a
mistake in the number marked in red. The highest sensitivity should be for 0Co and

lowest for 241LAm”.
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Step 1: Using Nucleonica’'s Mass Activity Calculator, evaluate nuclide activities
that produce the dose rate of 1 uSv/h at 1 m distance:

... web driven nuclear science

... web driven nuclear science

nucleon |r:a-'.'

i@ Help 7 New Browser

Mixdure selector

nucleon |r:a-'.'

] 240 MBq

at 100 cmdistance (vacuum), Threshold energy (v &
Krays)=15 keV

Applications Data Knowledge My Preferences Print
Am241
4 3E2 HYH
: Mass Activity Calculator
95 Americium
| Current Chart: Karlsruhe
Element Mass
Am - 241 - ﬁ |
Quantity Unit
1 1Sv/h gamma dose rate -
Mass (g) 1.887e-3
Activity (Bg) | |2392e+8
Activity (Ci) £.466e-3
Mumber of atoms 4714e+18
Maole of atoms 7.828e-6
Gamma dose rate (uswh) 1.000
Committed Effective Dose Equivalent,
E(50)inhalation (Sv) A
Committed Effective Dose Equivalent,
E(50)ingestion (uSv) TR
Isotopic Power a (Watt) 2.127e-4
Isotopic Power a+B (Watt) 2.142e-4
|sotopic Power a+B+y (Watt) 2.153e-4

i Help

+, New Browser

Moxure selector

Convert |

at 100 cm distance (vacuum), Threshold energy (y &
K rays) = 15 keV

Applications Data Knowledge My Preferences Print
CoB0
Mass Activity Calculator
1047 m| 627y
27 Cobalt
Current Chart: Karlsruhe
Element Mass
Co - 2]
Quantity Unit
1 pSvih gamma dose rate i
Mass (q) |7.0870-8
Activity (Bg) | |2967e+5
Activity (Ci) 8.020e-5
Number of atoms T121e+14
Mole of atoms 1.182e-9
Gamma dose rate (pSvih) 1.000
Committed Effective Dose Equivalent,
E(50)inhalation (uSv) ki
Committed Effective Dose Equivalent,
E(50)ingestion (JSv) LOsie
|zotopic Power a (Watt) 0
Isotapic Power a+B (Watt) 459508
|zotopic Power a+B+y (Watt) 1.235e-6
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Step 2: Using GSG, evaluate the count rates for the 240 MBq 24!Am and 3 MBq °Co
sources at 1 m distance. Assume a scintillation detector with a 3"’ x 3" Nal crystal.

... web driven nuclear science

Calculation results Options

nucleonlca-'.'

Measurement setup

Applications Data Knowledge My Preferences Print (33 Help 7 New Browser

Data displayed: Countrate at start - View/Save results in Text format or as |AEA-SPE spectrum.
ﬁrgéy G Spectrum Simulated for Nal (7.62 x 7.62 cm)
SR Gamma Spectrum Generator
ici 2000 = 5 :
95 Americium ]
Actual chart: Karlsruhe
Element:  Mass: 1500 3
Am - | 241 ~ |am| nNucide ibcures Selctor E
LW | g
Quantity: Reference point: ,E,; T
: & 1000 +
Bequerel v  2400e+8 Measurement start =
3
Measurement setup F Calculation results Optionz |
500 +
Measurementtime: sec ~ 1000 Start Start in backaround
Current configuration: < Edit_> - Sav . . . . . | . . . . ‘ . . . | . . . . |
t t t t T t t t T T t t T t t t T
0 500 1000 1500 2000
Dimensions in - cm i Channel number
Filter
Update spectrum graph |
Source Display: [“|Energy scale ] Spectrum continuum [Z] Contribution of scattered photons [~ More graph options
MNo. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display
1 95 Am 241 3.T3E+04 3.73E+04 3T3E+0T El
Total 3.73E+04 3.73E+04 3.73E+07
100 762 241 .
g I | Am: 37300 cps/(uSv/h)
Source to Detector distance Crystal length Show rmore settings
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Institute for
Transuranium
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nUCIEO n |Ca~.. ...we b d rive n nu CI ear SC' ence Meazurement setup Calculation results Optiohz
Sopbcvipnsl e oW TNy Preicncen) PR e v lew Diowise Data displayed: Countrate at start - View/Save results in Text format or as IAEA-SPE spectrum.
CoB0 .
Gamma-Spectrum Simulated for Nal (7.62 x 7.62 cm)
» Gamma Spectrum Generator
1047 m| 827y
27 Cobalt 4 . . .
Actual chart: Karlsruhe §
Element: Mass: 3 _-_
Co ~ 60 - '.:: Nuclide Mixtures Selector +
. o L
Quantity: Reference point: & L
Bequerel - 3.000e+6 Measurement start 2.;
B2
—— P — =
easurement setup [ Calculation results | Options | g
o
Measurementtime: sec - 1000 Start Start in background ]
Current configuration: <. Edit.> - _S
Dimensions in €M b n} } t t t t t
Filter 0 500 1000 1500 2000
Channel number
Source
- Update spectrum graph |
Display: [C|Energy scale [ Spectrum continuum [C] Contribution of scattered photons [CIMore graph aptions
No. Nuclide Count rate at start, cps Count rate at end, cps Spectrum counts Display
1 27 Co 60 1.53E+03 1.53E+03 1.53E+06 ]
100 762 Total 1.53E+03 1.53E+03 1.53E+06
b Source to Detector distance b Crystal length &

Required > 1000 cps/(uSv/h)
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